Abstract. Obesity is a risk factor for postmenopausal breast cancer (BC), but the specific mechanisms for this relationship are not well understood. Studies on adipocyte-derived adiponectin and leptin reveal opposing effects on BC cell proliferation in vitro, suggesting they may play a role in BC pathogenesis. In the current study we examined effects on proliferation of five BC cell lines treated with varying adiponectin:leptin (A/L) ratios. A decrease in proliferation was noted for MCF-7 and T47-D cells with increasing ratios (2-500), while an increase was seen in similarly treated MDA-MB-231 and MDA-MB-361 cells. For SK-BR-3 cells, an increase was seen at a ratio of 8. We identified differential effects on some pro-mitogenic, survival and apoptosis-related proteins in MCF-7 and T47-D cells treated at an A/L ratio of 100. Specifically, the AKT and MAPK pathways were not activated in MCF-7 cells, but AKT activation occured within 30 min and MAPK activation was sustained at 48 h in T47-D cells. p53 and Bax were elevated in MCF-7, but were below basal in T47-D cells at 30 min. While co-treatment enhanced apoptosis in MCF-7, similar treatment had the opposite effect in T47-D cells. There were no differences in cell cycle distribution between treated or untreated MCF-7 or T47-D, although T47-D cells had a slightly higher proportion in the G1/G0 phase after co-treatment. The effects of A/L ratio on mediating proliferation may have some specificity since the cell lines exhibited different responses. This may explain previous inconsistencies for the relationship of serum leptin with BC. More studies are needed to better understand the complex interactions that exist between these two adipokines.
Introduction
Obesity is a well recognized risk factor for postmenopausal breast cancer but the specific mechanisms underlying this relationship are not fully understood. It has been postulated that peripheral aromatization of androgens in expanded adipose tissue depots leads to elevated estrogen levels and also to a decreased level of sex hormone binding globulin (1, 2) . This would result in more biologically available estrogen which may be how obesity contributes to the pathogenesis of hormone-responsive breast cancer. With the recognition of adipose tissue as an active endocrine organ, and not merely a storage depot, the role of adipocyte-derived hormones are also being investigated to provide additional and/or complementary mechanistic explanations for the observed increased risk of breast cancer in obese postmenopausal women.
Adipose tissue secretes a number of cytokine-like proteins collectively termed adipokines that have been directly or indirectly implicated in breast cancer pathogenesis. For example, TNF-· and IL-6 are known to act in either an autocrine or paracrine manner to stimulate estrogen biosynthesis by production of aromatase (2, 3) . Furthermore, studies of the adipokines leptin and adiponectin, suggest that direct effects of these two proteins in obese postmenopausal women may enhance breast cancer development, as recently reviewed by Vona-Davis and Rose (4) .
Leptin is a 16-kDa protein whose concentration in the blood is directly correlated to body fat mass or body weight, and is thus found to be elevated in obesity. Since its identification by Friedman and colleagues in 1994 (5) , leptin has been shown to be multi-functional, as demonstrated in its effects on satiety control, body weight regulation, energy expenditure, immune function and reproduction (6) (7) (8) . In addition, preclinical studies from our laboratory demonstrated a role for leptin in mammary tumor development as evidenced by the fact that mice deficient in leptin (Lep ob Lep ob ), or with non-functioning leptin receptors (Lepr db Lepr db ) did not develop transgene-induced mammary tumors (9,10). Leptin's functions are mediated via the signaling-competent long form of the leptin receptor (ObRb), which is ubiquitously expressed by many tissues including tumor cell lines (11) .
Adiponectin on the other hand, is a 30-kDa protein that is very abundant in the blood of normal weight individuals, but it is paradoxically reduced in obesity and is thus generally found to be negatively correlated to body fat mass. Expressed primarily in white adipose tissue, adiponectin has antiinflammatory, anti-diabetic and anti-atherogenic functions, and plays a role in modulation of endothelial function and suppression of the process of angiogenesis (3). Adiponectin's effects appear to be mediated through two known receptors, AdipoR1 and AdipoR2. AdipoR1 is a high-affinity receptor for the globular form of adiponectin, but also has a very low affinity for the full length molecule and is expressed ubiquitously. It is most abundant in skeletal muscle, but is also present in endothelial cells and other tissues. AdipoR2 has intermediate affinity for both forms of adiponectin and is predominantly expressed in the liver. Many tumor cell lines including those derived from the breast also express one or both receptors (12, 13) .
Several laboratories including our own, have demonstrated opposing effects of leptin and adiponectin when tested separately on breast cancer cell proliferation. Specifically, we and others have shown that the addition of leptin enhances proliferation of breast cancer cells in vitro (14) (15) (16) (17) , while addition of adiponectin has anti-proliferative effects (18, 19) . In a preliminary investigation, we found that the ratio of adiponectin:leptin impacted estrogen receptor positive and negative human breast cancer cells differently (20) . Although the ratio of adiponectin and leptin together has not been extensively studied for effects on breast cancer cell proliferation, signaling and apoptosis, a recent human study reported a higher leptin:adiponectin ratio in women with breast cancer who also had reduced serum adiponectin levels (21) . These findings led us to hypothesize that the balance in the levels of adiponectin and leptin may be an important regulator of breast cancer cell growth and would provide an explanation for how obesity is related to this disease. Here, we present results of an in-depth investigation of the interaction of adiponectin and leptin on a number of human breast cancer cell lines.
Materials and methods

Proliferation assays of five different breast cancer cell lines.
Three ER-positive (MCF-7, T47-D and MDA-MB-361) and two ER-negative (MDA-MB-231 and SK-BR-3) cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, VA). The cells were grown in ATCC recommended culture medium to about 70% confluency, harvested and counted with a coulter counter. Cells were then plated at a density of 5000 cells per well in 96-well plates and allowed to attach for 20-24 h at 37˚C, after which complete medium was carefully removed and replaced with serum-free medium. The plates were returned to the incubator for an additional 20-24 h for cells to reach quiescence. Treatments with both human recombinant adiponectin (Acrp30, full length, R&D Systems, Minneapolis, MN) and leptin (Cell Sciences, Canton, MA) were performed, at concentrations deemed to represent physiologic levels, i.e. 10, 25 and 50 ng/ml for leptin and 5000 and 1000 ng/ml for adiponectin (we also included the lower concentrations of 100, 200 and 500 ng/ml). The cells were treated for 48 h after which proliferation assays were performed using the commercially available Cell Counting Kit-8 Assay (Dojindo Molecular Technologies, Gaithersburg, MD). In this assay, a formazan dye is generated by the activity of dehydrogenases in cells that is directly proportional to the number of living cells. Dual optical densities were measured at 450 and 620 nm. The experiments were performed in triplicate at a minimum for each cell line with 6 replicates at each test point. Flow cytometry analysis of the cell cycle. Cells were harvested with 0.025% trypsin + 5 mM EDTA in PBS. After washing with PBS, the cells were re-suspended in 0.4 ml of PBS and 1 ml of ice-cold absolute ethanol was added and mixed immediately. Cells were fixed at -20˚C for a minimum of 2 h and then washed with PBS. Cells were incubated with 20 μg/ ml propidium iodide and 200 μg/ml RNAase for 30 min at room temperature in the dark. Cells were analyzed on a Becton-Dickinson FACSCalibur flow cytometer (BD Biosciences, San Jose, CA). Intact cells were gated in the FSC/SSC plot to exclude small debris. Cell cycle was determined using ModFit LT software (Verity Software House, Inc., Topsham, ME).
Flow cytometry analysis of apoptosis. Apoptosis was evaluated using the Annexin V-FITC Apoptosis Detection Kit (MBL International Corp., Watertown, MA). Cells were harvested with 0.025% trypsin + 5 mM EDTA in PBS, and 2.5% FBS in PBS was added as soon as the cells were released from the dish. Then the cells were transferred to a centrifuge tube, washed with PBS and incubated for 5 min at room temperature with Annexin V-FITC plus propidium iodide (PI) according to the manufacturer's protocol included in the kit. Cells were analyzed on a Becton-Dickinson FACSCalibur flow cytometer (BD Biosciences, San Jose, CA), placing the FITC signal in 
Statistical analyses.
One-way ANOVA with Dunnett's post test was performed where appropriate using GraphPad Prism version 4.00 (GraphPad Software, San Diego, CA) with significance accepted at P<0.05.
Results
Effects of leptin and adiponectin on breast cancer cell proliferation. The proliferation assays indicated that increasing the adiponectin:leptin (A/L) ratio resulted in down-regulation of proliferation of MCF-7 and T47-D cells across all the ratios tested (2-500). The reduction in cell numbers was significant compared to untreated cells at most of these ratios ( fashion (2-500) did not result in a decrease in cell numbers compared to untreated cells. In fact, at lower ratios of these adipokines (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) there were significantly increased cell numbers compared to untreated cells, while higher ratios (40-500) resulted in cell proliferation that was not significantly different from untreated cells (Fig. 1C) . For SK-BR-3 cells, lower A/L ratios appeared to enhance cell proliferation peaking at a ratio of 8 (i.e., 200 ng/ml adiponectin in the presence of 25 ng/ml leptin) where a significantly higher number of cells relative to untreated control was observed (Fig. 1D) . A higher ratio of these adipokines appeared to suppress proliferation, but this was not significant. For MDA-MB-361 cells, the effect of altering the A/L ratio appeared to be opposite from that observed in MCF-7 and T47-D cells in that cell numbers were enhanced across the ratios tested (2-500), with some significant increases observed within this spectrum (Fig. 1E) .
Effects of leptin and adiponectin on apoptosis in MCF-7 and T47-D cells.
Based on the observation that MCF-7 cells displayed a more robust response to adipokine co-treatment compared to T47-D cells in the proliferation assays, we conducted additional experiments on these two ER-positive cell lines to examine apoptosis as well as probe for signaling and apoptosis-related proteins, including effects on the cell cycle. Concentrations of 50 ng/ml for leptin and 5000 ng/ml for adiponectin (a ratio of 100 when both were used together) were chosen to represent levels that would be found in an obese person and were used for the treatments and cotreatments in these additional experiments.
MCF-7 cells demonstrated little change in apoptotic response following 50 ng/ml leptin treatment for 48 h in serum-free medium, as assessed by flow cytometry (Fig. 2A) . This response was enhanced in the presence of both 50 ng/ml leptin and 5000 ng/ml adiponectin and was significantly higher than the response observed in untreated cells (Fig. 2A) . The insulin treatment control also exhibited greatly enhanced apoptosis in MCF-7 cells (Fig. 2A) . In contrast, an apoptosis rate lower than untreated cells was observed in T47-D cells treated with 50 ng/ml leptin alone, and this apoptosis rate was significantly reduced in the presence of both adipokines (Fig. 2B) .
Effects of leptin and adiponectin on cell signaling and apoptosis-related proteins in MCF-7 and T47-D cells.
We next examined the effects of adipokine treatment or cotreatment on the pro-mitogenic (MAPK) and pro-survival (AKT) pathways as well as on apoptosis-related proteins p53, Bax and Bcl-xL in MCF-7 and T47-D cells. In MCF-7 cells, activated MAP Kinase (p-p42/44 MAPK) was barely detectable with leptin-only treatment (0.3-fold of basal), although the levels of this protein appeared to be restored to basal levels with co-treatment after 48 h (Fig. 3A) . By contrast in T47-D cells with leptin-only treatment, we detected activated p42/44 MAPK that was almost 3-fold higher than the control level at 48 h. The activation of p42/44 MAPK was further enhanced in the presence of leptin with the addition of 5000 ng/ ml adiponectin (3.5-fold) in T47-D cells after 48 h treatment (Fig. 3B) .
Activated AKT (Thr 308) levels were below basal levels with leptin-only treatment after 30 min in MCF-7 cells, and much lower with co-treatment (0.3-fold of control). The levels of this protein in MCF-7 cells remained low after co-treatment at 48 h (Fig. 3A) . Conversely, activated AKT (Thr 308) was detectable in T47-D cells after 30 min of leptin-only treatment (3.6-fold higher than control), and the levels of this protein were equally high with co-treatment (3.1-fold) at 30 min. Activated AKT levels returned to below basal levels by 48 h in T47-D cells (Fig. 3B) .
In MCF-7 cells higher p53 levels than control were detectable with leptin-only and adiponectin-only treated cells within 30 min (4.6-and 5.6-fold, respectively), as well as with co-treatment (4.1-fold) (Fig. 3A) . p53 levels were lower than control in T47-D cells after co-treatment (Fig. 3B) .
Bax protein levels that were 1.8-and 1.7-fold higher relative to control were detectable in MCF-7 cells 30 min after leptin-only or adipokine co-treatment, respectively (Fig. 3A) , but these returned to below basal at 48 h. Levels of Bax protein were down-regulated both with leptin-only treatment and adipokine co-treatment at 48 h in T47-D cells (Fig. 3B) . Levels of Bcl-xL protein in MCF-7 cells were almost 3-fold higher at 30 min with leptin, adiponectin or combination treatment, but these were below basal at 48 h (Fig. 3A) . Similarly, in T47-D cells levels of Bcl-xL protein were higher in adipokine co-treated cells than control cells at 30 min (2-fold), but these levels were back to basal at 48 h (Fig. 3B) .
The effects on representative cell signaling and apoptosisrelated proteins following adipokine treatment and cotreatment on MCF-7 and T47-D cells are summarized in Table I .
Influence of leptin and adiponectin on cell cycle in MCF-7 and T47-D cells.
Lastly, we examined the effects on cell cycle distribution of MCF-7 and T47-D cells after treatment with 50 ng/ml leptin alone or in combination with 5000 ng/ml adiponectin for 48 h. Table II Table I . Effects on signaling and apoptosis-related proteins.
-----------------------------------------------------------------------------------------------------Cell line ------------------------------------------------------MCF-7 T47-D -------------------------------------------Protein Treatment 30 min 48 h 30 min 48 h ----------------------------------------------------------------------------------------------------
- p-p44/42 MAPK Leptin Basal -- -- ++ Acrp30 - NT -- NT Leptin+Acrp30 - Basal - +++ p-AKT (Thr308) Leptin - + +++ - Acrp30 - NT ++ NT Leptin+Acrp30 -- -- ++ - p53 Leptin +++ -- - + Acrp30 ++++ NT - NT Leptin+Acrp30 +++ -- - - Bax Leptin ++ - Basal -- Acrp30 Basal NT - NT Leptin+Acrp30 ++ - - -- Bcl-xL Leptin +++ - + Basal Acrp30 ++ NT ++ NT Leptin+Acrp30 ++ -- +++ Basal -
----------------------------------------------------------------------------------------------------
Summary of effects on cell signaling and apoptosis-related proteins in MCF-7 and T47-D cells after adipokine treatments or co-treatments for 30 min or 48 h. NT, not tested; Basal, protein levels similar to untreated control; +, increase in protein levels above basal; -, decrease in protein levels below basal. Leptin = 50 ng/ml; Acrp30 = 5 μg/ml. The number of signs denotes the magnitude of the increase or decrease.
-----------------------------------------------------------------------------------------------------
leptin-treated, leptin/adiponectin co-treated and untreated cells. Although a similar observation was noted in T47-D cells, a slightly higher proportion of cells in the G1/G0 phase of the cell cycle was observed following adipokine cotreatment compared to untreated or leptin-only treated cells, but this was not statistically significant (Table II) .
Discussion
We have previously evaluated the proliferative response of five human breast cancer cell lines to different concentrations of either leptin or adiponectin (17, 18) . We found that leptin impacted the enhancement of cell proliferation differently in each line (17) while the anti-proliferative effect of adiponectin also varied (18) . Here we now show that the response of these cells to varying ratios of adiponectin:leptin was also different. Overall it appears that the estrogen receptor-positive cell lines were most consistent in being affected by simultaneous exposure to these two adipocytokines at a ratio reflective of an obese individual. Thus these findings would be supportive of results of epidemiological studies suggesting that hormone responsive postmenopausal breast cancer is associated with obesity.
In previous reports on the proliferative effects of leptin on T47-D cells (15, 17) , we observed significant growth promotion with 50 and 100 ng/ml leptin treatment of this cell line. We did not see a proliferative effect of leptin in MCF-7 cells at the concentrations used (5-100 ng/ml); in fact we observed a growth inhibitory effect at 25, 50 and 100 ng/ml leptin in MCF-7 cells after 48 h (17) . This appears to contrast with most reports on the growth response of MCF-7 cells to leptin treatment (16, 22, 23) . It should be noted however, that different investigators utilized different leptin concentrations in their treatment of MCF-7 cells. Dieudonne et al for example used 5-50 nM leptin (~80-800 ng/ml), and although they did not observe a growth stimulatory effect with the lowest dose (5 nM or 80 ng/ml), significant growth promotion was observed at 20 nM and 50 nM (320 and 800 ng/ml, respectively) (16) . These levels are quite high relative to physiological levels found in blood even for obese individuals. Garofalo et al on the other hand, reported a growth stimulatory effect of MCF-7 cells with 100 ng/ml leptin (22) , while Perera et al also recently reported growth stimulation of MCF-7 cells with 500 ng/ml leptin (23). To our knowledge there are few previous reports on leptin having an inhibitory effect on MCF-7 or other breast cancer cells, besides our earlier report (17) , and a report by Oelmann et al who did not detect a growth stimulatory effect of 1-100 ng/ml leptin on HTB-26 (MDA-MB-231) and HTB-131 (MDA-MB-453) breast cancer cells, but in fact observed an inhibitory effect using colony formation experiments (24) . The reason for the discrepancy in our result for leptin's effect on MCF-7 cell growth compared to other published reports remains elusive but may lie in the individual molecular characteristics of particular MCF-7 cell lines from different laboratories, culture conditions and the leptin concentrations used.
We also previously reported on the anti-proliferative effects of adiponectin on both T47-D and MCF-7 cell growth (18) . From the proliferation assays in the current study, cotreatment of T47-D cells with leptin and adiponectin elicited significant reduction in cell numbers at 25 and 50 ng/ml leptin in the presence of 5000 ng/ml adiponectin (Fig. 1B) . T47-D cell proliferation was also reduced at the lower leptin concentration of 10 ng/ml in the presence of 5000 ng/ml adiponectin, but this was not significant. For MCF-7 cells however, significant growth inhibition was observed at all three leptin concentrations (10, 25 and 50 ng/ml) in the presence of 5000 ng/ml adiponectin (Fig. 1A) , suggesting these cells are more sensitive to the growth inhibitory effects of adiponectin compared to T47-D cells. This observation was corroborated by our apoptosis data obtained by flow cytometry which indicated that while apoptosis was enhanced with adipokine co-treatment in MCF-7 cells (Fig. 2A) , the same co-treatment significantly reduced apoptosis in T47-D cells (Fig. 2B) .
In attempting to understand this differential response between T47-D and MCF-7 cells to the adipokine cotreatment, we examined components of the mitogenic/ survival and apoptosis signaling pathways as well as the cell cycle. Specifically, we probed for the presence of the activated forms of the mitogen activated protein kinase (p42/44 MAPK) and agarose kinase target (AKT). In T47-D cells, a more than 3-fold induction of p-p44/42 MAPK was detectable at 48 h both with leptin treatment alone and with co-treatment with adiponectin, suggesting that this pro-mitogenic pathway involving MAPK was activated in T47-D cells, and that the presence of 5000 ng/ml adiponectin was not sufficient to mitigate this response (Fig. 3B) . In MCF-7 cells only basal levels of p-p42/44 MAPK were detectable at 48 h (Fig. 3B) . This suggests that the p44/42 MAPK pathway was not activated in MCF-7 cells after 48 h following adipokine cotreatment. We also examined the AKT survival pathway, and it was evident from the Western blot results that these two Table II . Cell cycle distribution. 
Cell cycle distribution of MCF-7 and T47-D cells as determined by flow cytometry. Cells were treated for 48 h in serum-free medium as described in Materials and methods. Values represent mean ± standard error of the mean based on 3 replicate experiments for each treatment or control.
-------------------------------------------------
cell lines displayed a differential response to the co-treatment regimen. T47-D cells had more than a 3-fold increase in detectable p-AKT (Thr 308) after 30 min of co-treatment and the levels of this protein were below basal at 48 h, while detectable levels of this activated form of AKT in MCF-7 cells were 0.3-fold below basal at both time-points (Fig. 3B) .
While examining potential mechanisms involved in apoptosis, we observed that while p53 levels were at or below basal within 30 min following leptin or leptin/adiponectin treatment in T47-D cells, the levels of this tumor suppressor protein, known to promote apoptosis, were more than 4-fold higher in MCF-7 cells following the same treatments at 30 min (Fig. 3A) . Similarly, Bax protein levels were at or below basal in T47-D cells at 30 min, but were almost 2-fold higher in MCF-7 cells 30 min after leptin-only or leptin/adiponectin co-treatment. It is unlikely that the rapid increase in p53 or Bax levels detected in MCF-7 whole cell lysates within 30 min following adipokine treatment resulted from de novo protein synthesis. It is more likely that this transient increase in detectable p53 was the result of a protein complex desequestration mechanism, and would explain the coincident increase in Bax levels since it is well known that p53 can directly activate Bax leading to events that culminate in apoptosis (25) . A recent study utilizing homeostatic confocal microscopy elegantly demonstrated the kinetics of Bax protein within minutes in the cytosol of live MCF-7 cells treated with an apoptotic stimulus (26) . In that study they suggested the Bax protein accumulation observed in the cytosol within 15 min was likely the result of release of this pro-apoptotic protein from inactivating complexes with other Bcl-2 family members (26) . From the foregoing, it seems logical to conclude that the observed increases in detectable Bcl-xL levels within 30 min of adipokine treatment in both MCF-7 and T47-D cells could also be attributable to a similar de-sequestration mechanism, rather than induction of new protein synthesis within this time interval.
Our flow cytometry apoptosis data revealed that adipokine co-treatment elicited significantly higher apoptosis in MCF-7 cells compared to untreated and leptin-only treated cells ( Fig. 2A ). An earlier report by Dieudonne et al seems to support the propensity of MCF-7 cells towards apoptosis following adiponectin treatment (19) . In that study, they observed inactivation of the MAPK pathway, down-regulation of cyclin D1 and c-myc proteins, a concomitant increase in p53 and Bax mRNA, and a decrease in Bcl-2 mRNA, following treatment with subphysiological levels of adiponectin (25 ng/ml) for 24 h (19).
Our observations on T47-D cells on the other hand, suggest that these cells were primed for survival following treatment with 50 ng/ml leptin, and that co-treatment with 5000 ng/ml adiponectin had a marginal mitigating effect on the mitogenic/ survival pathways (MAPK and AKT) in this cell line. Interestingly, the p42/44 MAPK activation in T47-D cells was sustained even at 48 h post-treatment (Fig. 3B) .
To gain further insight into potential mechanisms by which both cell lines displayed decreased cell proliferation after co-treatment with 50 ng/ml leptin and 5000 ng/ml adiponectin, we examined effects on the cell cycle. There were no differences in cell cycle distribution between leptintreated, leptin/adiponectin co-treated and untreated cells in MCF-7 cells (Table II) . We have already noted that in T47-D cells MAPK and AKT pathways were activated and a significantly lower apoptosis rate was observed after cotreatment relative to untreated cells. Furthermore, examination of the cell cycle distribution for T47-D cells did not reveal major differences between leptin-treated, leptin/adiponectin co-treated and untreated cells. However, there was a slightly higher proportion of cells in the G0/G1 phase for adipokine co-treated cells compared to leptin-treated or untreated cells (i.e., 67.5% vs. 60.6 and 59.1%, respectively), but this was not statistically significant. It is conceivable that apoptosis may yet be activated in T47-D cells co-treated with 50 ng/ml leptin and adiponectin concentrations >5000 ng/ml as was used in this study, since we have previously observed the activation of apoptosis in T47-D cells treated with 1000 ng/ml adiponectin in the absence of leptin for 24 h in serumfree medium by detection of cleaved caspase 8 and PARP (18) . Our current results using T47-D cells suggest that the presence of 50 ng/ml leptin may have been sufficient to obviate the induction of apoptosis in T47-D cells by an adiponectin concentration that was 5 times that we had used previously. Nakayama et al recently reported an inhibitory effect in T47-D cells treated with 0.01-30 μg/ml adiponectin, and this effect was mediated by the inhibition of S-phase cell entry only, without the induction of apoptosis (13) . It is unclear what effect the presence of leptin would have had in those experiments. Our current results suggest that growth inhibition with adipokine co-treatment was largely due to apoptosis in MCF-7 cells, with little impact from cell cycle arrest. We also speculate that moderate cell cycle arrest following co-treatment of T47-D cells may provide the explanation for the decrease in cell numbers we observed in the proliferation assays following co-treatment, since apoptosis was actually reduced in this cell line.
There have been few published reports exploring the potential interactions between the adipokines leptin and adiponectin, and how this might impact tumorigenesis in the obese state where leptin levels are elevated and adiponectin levels are reduced. Mistry and colleagues reported on the interaction of leptin and adiponectin in the regulation of prostate cancer cell growth through modulation of p53 and bcl-2 expression (27) . In that study the investigators observed a significant growth reduction of the androgen-independent leptin-responsive PC-3 prostate cancer cell line after cotreatment with 100 nM leptin (~1600 ng/ml) and 1 or 100 nM full length adiponectin (~28 ng/ml and ~2.8 μg/ml, respectively). In another study using preneoplastic colon epithelial cells (IMCE, Apc Min/+ ) Fenton et al demonstrated adiponectin's ability to block leptin-induced cell signaling and proliferation at concentrations of 0.1, 1 and 10 μg/ml in the presence of 50 ng/ml leptin. In that study, p44/42 MAPK activation was abrogated by adiponectin treatment in the presence of 50 ng/ml leptin in these colonic cells (28) .
Interestingly, low serum adiponectin levels have been shown to be associated with an increased risk of breast cancer in postmenopausal women (29, 30) . The relationship of serum leptin to breast cancer on the other hand, has been less conclusive with some published studies indicating an involvement (31, 32) while others show no relationship (33) (34) (35) . Confounding this is the fact that some studies were conducted in premenopausal women (33, 36) and others in both pre-and postmenopausal women (31, 34, 35, 37) providing at least partial explanation for the ambiguity. However, of particular interest is one study where both serum leptin and adiponectin levels were measured. In that study, postmenopausal women with breast cancer had higher leptin and lower adiponectin levels than control women (21) . Additionally, the women diagnosed with breast cancer had an elevated leptin to adiponectin ratio and the higher ratio was associated with more aggressive tumors (21) .
Based on the current study and from the other studies cited herein, it seems reasonable to conclude that leptin and adiponectin interact indirectly, and this interaction may have direct effects on the breast cancer risk associated with obesity, where leptin levels are elevated and adiponectin levels are reduced. Our results for the T47-D cell line indicated that growth/survival pathways were activated even in the presence of 5000 ng/ml adiponectin, a concentration considered a low physiologic level. If elevated leptin by its pro-mitogenic actions portends a higher cancer risk in obesity, it seems plausible to assume that the concurrent decreased adiponectin levels would enhance this risk, due to deficiency in adiponectin's anti-proliferative effects. Thus, the existence of a homeostatic balance between leptin and adiponectin may provide the cellular microenvironment within which normal mammary epithelial cell division and growth occurs. The current results also suggest that the effects of the A/L ratio on mediating proliferation may have some specificity since the different cell lines exhibited different responses. This may explain previous inconsistent findings for the relationship of serum measurements with breast cancer. More studies are needed to better understand the complex interactions that exist between these two adipokines.
